ABSTRACT: Neurofibromatosis (NF) is a family of genetic diseases which are caused by dysfunction of either NF1 gene or NF2 gene. One in 3,000 people suffer from this tumor-carrying NF. NF1 gene product is a RAS GTPase activating protein (GAP) of 2,818 amino acids, which normally attenuates the GTPdependent signal transducing activity of the G protein RAS. Dysfunction of this GAP leads to the abnormal activation of RAS, and eventually an oncogenic kinase called PAK1 as well. NF2 gene product is ''Merlin'' which directly inactivates PAK1. Thus, dysfunction of Merlin causes the abnormal activation of PAK1. In other words, dysfunction of NF1 gene (causing type 1 NF) is basically the same as dysfunction of NF2 gene (causing type 2 NF). In fact the growth of both NF1 and NF2 tumors requires PAK1, and all PAK1 blockers, synthetic chemicals or natural products, suppress the growth of these NF tumor cells both in vitro (cell culture) and in vivo (mice).
Introduction
The genetic disease or disorder now called neurofi bromatosis (NF in short) was fi rst recognized in 1882 by a German pathologist at Strasbourg University, Friedrich Von Recklinghausen . Later, by the detailed genetic analysis, NF was revealed to have two distinct types, type 1 (NF1) and type 2 (NF2). Dysfunction of NF1 gene causes NF1, and that of NF2 gene does NF2. NF1 gene product has two distinct functional domains. The C-terminal half is a RAS GTPase activating protein (GAP), which attenuates the GTP-dependent signal transducing activity of RAS, a G protein, whose mutation causes malignant transformation (1) . The N-terminal half is an inactivator of another G protein called RAC (2) , which is activated by RAS through the PI3-kinase, a unique phospholipid kinase that phosphorylates PIP2 to produce the oncogenic PIP3. Dysfunction of either N or C-terminal half leads to the abnormal activation of the kinase PAK1, a RAC/CDC42-dependent Ser/Thr kinase (1-4) (for detail, see Figure 1 ). NF2 gene product is Merlin, which turned out to be a direct inhibitor of PAK1 (4) . Thus, dysfunction of NF2 gene also leads to the abnormal activation of PAK1. In other words, although NF1 and NF2 are genetically distinguished, phenotypically at the molecular levels, the outcome of these two diseases is basically the same. In fact, both NF1 and NF2 require PAK1 for their growth (3, 4) . NF1 tumors are roughly divided into three types: malignant peripheral nerve sheath tumor (MPNST), plexi-form and dermal neurofibroma (wart-like skin tumor). MPNST is a cancer, but the remaining two are benign, and represent 90% of NF1 tumors. NF2 tumors are divided into two types, meningioma and schwannoma, and both are benign tumors developed in brain and along spine, and lead to loss of eye sight or hearing or both, and in the worst cases cause the total paralysis. Unlike most of cancers, both NF1 and NF2 develop even in the very early stage of life such as 6 months after the birth, and last for the rest of life, increasingly getting worse, without a proper treatment. www.ddtjournal.com Drug Discoveries & Therapeutics. 2011; 5(6) :266-278.
Thus, unlike the cancer therapy, the systemic treatment of both NF1 and NF2 has to last life-long, and would be certainly desirable to be both safe and inexpensive. Besides, none of conventional anti-cancer drugs such as DNA/RNA/MT (microtubule) poisons is effective on either NF1 or NF2 tumors. Currently the only effective treatment of both NF1 and NF2 are physical treatments, such as surgical removal and gamma knife (a pin-point Cobalt radiation). However, these invasive treatments often cause significant damage on a variety of nerves in the vicinity of tumors, leading to the irreversible loss of the corresponding functions. Furthermore, in the case of NF1, around a half tends to suffer from a learning deficit (LD), although its extent varies from one person to another. This LD cannot be cured by any physical treatment, because its cause is not tumor per se, but the abnormal activation of PAK1 in brain which impairs the learning process. In addition, as mentioned before, NF1 patients, in particular NF1 children, have a fragile bone structure, mainly due to vitamin D3 deficiency (5) . However, this deficiency cannot be eliminated by any physical treatment. Thus, in principle, the ultimate cure of both NF1 and NF2 should owe to either gene therapy using the functional NF1 or NF2 gene, or chemotherapy using chemical compounds or natural products which selectively inactivate PAK1. However, in reality, the expression of NF1 or NF2 gene in the whole body of each NF patient cannot be achieved by the current level of gene therapy technology. Thus, the most realistic possibility would be the chemotherapy using specifi c PAK1 blockers.
During past several years since NF2 gene product ''Merlin'' was identifi ed as the direct PAK1 inhibitor (4), a series of PAK1 blockers were developed or identifi ed by several groups including our own team. In the following sections some of them will be introduced for NF patients and clinicians, which would be useful for the systemic NF therapy at present or in near future. The oncogenic kinase PAK1 is involved in the following several aspects of oncogenesis (malignant transformation of normal cells) by activating several kinases such as RAF, ERK, and LIM-kinase as well as growth factor genes encoding TGFα and VEGF (see Figure 2 ): anchorage-independent cell growth, blocking apoptosis (programmed cell death), metastasis/invasion and tumor-induced angiogenesis (blood vessel formation) which is essential for the growth of solid tumors such as NF tumors (6, 7) . Thus, unlike the conventional anticancer drugs which fail to block both metastasis and angiogenesis of tumors, PAK1 blockers could suppress these malignant aspects of tumors, in addition to killing directly the tumor cells.
By the same token, however, PAK1 blockers cannot be used for the treatment of ''pregnant'' patients, because like thalidomide these PAK1 blockers might cause the abnormal child birth (teratogenesis) by harming the angiogenesis essential for the normal development of embryos. For thalidomide is now well known to block the PAK1-dependent angiogenesis, and in fact inactivates both PAK1 and another oncogenic kinase called AKT by up-regulating the tumor suppressing phosphatase ''PTEN'' (8), the major antagonist of the oncogenic PI3-kinase, reconverting the oncogenic PIP3 to the inactive PIP2 (see Figure 3) . However, it is now clear that the and his colleagues found that propolis from Israel contains an anti-cancer polyphenol called CAPE (caffeic acid phenethyl ester) (see Figure 4 ) and his colleague Koji Nakanishi succeeded in the chemical synthesis of CAPE (10) . Since then, propolis became a popular alternative cancer therapeutic, partly because it is rather inexpensive and causes little side effect.
However, it turned out that the CAPE content of propolis vastly varies from one sample to another, depending on where it is produced or harvested. For instance, propolis samples from Far-East, Europe/ US, and Oceania are largely the CAPE-based, but those from Egypt, India and Brazil contain no CAPE. Nevertheless, Brazilian green and red propolis showed a strong anti-cancer property. In 1994, a group at Hayashibara Institute in Japan found that the major anti-cancer ingredient in Brazilian green propolis extract (GPE) is another polyphenol called ARC (artepillin C) (11) , and Hitoshi Hori and his colleagues at Tokushima University in Japan succeeded in the chemical synthesis of ARC in 2002 (12) (see Figure 5 ). Brazilian red propolis extract (RPE) has neither CAPE nor ARC, but contains a triterpene, and suppresses the growth of pancreatic cancer cells in vitro (13) . So an interesting question has arisen: is there any common mechanism underlying the anti-cancer property among these three distinct propolis samples? In 2005, the fi rst clue to the molecular mechanism of CAPE to suppress the growth of cancers was revealed: caffeic acid (CA) down-regulates a G protein called RAC which is the direct activator of the oncogenic kinase PAK1 (14) . Since CAPE is a hydrophobic derivative of CA, it is most likely that CAPE also down-regulates RAC, and eventually inactivates PAK1. Yes, we confirmed that CAPE indeed blocks PAK1 in a tiny nematode called anti-angiogenesis alone is not suffi cient for causing the teratogenesis, because a few thalidomide derivatives such as "CC-5013", which are still anti-angiogenic, are not teratogenic at all (9) .
In my opinion, AKT blockers including thalidomide and its non-teratogenic derivatives would not be suitable for the life-long treatment of NF, because unlike PAK1, AKT is essential for the growth or survival of normal fast growing cells such as those in bone marrow, and the GLUT-4 dependent glucose uptake by normal cells. In other words, AKT inhibitors cause a series of side effects including immuno-suppression and insulin-resistant diabetes (type 2). PAK1 blockers alone cause basically no side effect.
Natural products

Propolis
Propolis is a bee product which has been used for four thousand years since the ancient Egyptian era to treat wounds, infectious and inflammatory diseases, because it has at least anti-bacterial, anti-fungal and anti-viral activities, and boosts the immune system. In other words, it is a traditional multi-functional antibiotic produced by honey bees. Originally back to a million years ago, bees created this resinous material from young buds of poplar trees and a few other plants to protect their larva from any harmful microorganisms or stresses. The wall and bottom of each hexagonal honey comb consists of propolis and fat/wax. In general ethanol-soluble extract (tincture) of propolis is used for topical treatment of wounds. Its long-lasting strong anti-biotic effect is clearly revealed by the fact that propolis was used to preserve the deceased royal family's bodies as mummies under pyramids from the ancient Egyptian era till today. Hippocrates (460-370 BC), the father of medicine in the ancient Greece, recognized its potent healing power, and coined it ''Propolis'', meaning the protection of city (''polis'') or comb. Since he survived around 90 years in the ancient Greece where the average life span of human beings was only 50 years, I tend to believe that he also took propolis regularly, which extends the life span as well, as we shall discuss later.
There is an old German saying: no beekeeper catches cancer. More precisely, only one in 3,000 beekeepers get a cancer, while one in three ordinary people (nonbeekeepers) once suffers from a cancer during their life, according to a study by the German Beekeepers' Association (DBB). So the most intrigue question would be why beekeepers are a thousand times more resistant than the ordinary people to cancers. Since neither honey nor royal jelly has any significant anti-cancer activity, it is most likely that a third bee product, namely ''propolis'', is the major source which makes beekeepers so resistant to cancers. Yes, in 1988, a Jewish-American oncologist at Columbia University, Drizer Grunberger 
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Drug Discoveries & Therapeutics. 2011; 5(6) : 266-278. C. elegans, and activates the HSP16 gene which is normally inactivated by PAK1 (6) . Interestingly, ARC also activates the HSP16 gene in this worm, strongly indicating that ARC also inactivates PAK1 (6) . In 2007, we confirmed that ARC also indeed inactivates PAK1 selectively, without affecting another oncogenic kinase AKT (15) . Thus, during 2006-2007, we examined if a CAPE-based propolis extract from NZ (New Zealand) called ''Bio 30'', and the ARC-based GPE suppress the growth of both NF1 and NF2 tumor xenografts in mice. Yes, both ''Bio 30'' (see Figure 6 ) and GPE almost completely block the growth of NF1-defi cient MPNST and NF2-defi cient tumor (schwannoma) in vivo (15, 16) . Although ARC is the sole anti-cancer ingredient in the GPE, representing 8% of dry weight of this extract, ''Bio 30'' contains not only CAPE but also several other anti-cancer polyphenols such as pinocembrin, galangin, chrysin, apigenin and CA (17) (18) (19) (20) (21) , representing more than 24% of dry weight of this extract (for detail, see Table 1 ), and these polyphenols work synergistically with CAPE, and boost the anti-cancer/NF activity of CAPE alone by 600 times in vitro (16) .
For 3-4 years since mid-2007, we have been conducting human trials of ''Bio 30'' (alcohol-free liquid) containing 250 mg of extract/mL, mainly for NF patients world-wide, and the effective minimum daily dose of ''Bio 30'' (25 mg/kg = 1 mL/10 kg) has stopped the growth of their tumors in most cases of both NF1 and NF2 patients as well as glioma and pancreatic cancer patients, without any side effect (22) . Furthermore, in three NF1 (dermal neurofibroma) cases, tumors completely disappeared in a month. Also at least in three cases of NF2 (both 269 schwannoma and meningioma) and one glioma case, these brain tumors shrank by more than 50% in 2-3 years. In two pancreatic cancer cases, both early and metastasized ''terminal'' cancers completely disappeared in one year (22) . These preliminary clinical trial data strongly suggest that at least ''Bio 30'' is effective in suppressing the growth of both NF1 and NF2 tumors as well as glioma and pancreatic cancers for which the conventional anti-cancer drugs are basically useless. However, it should be worth noting that unlike the ''Bio 30''-sensitivity of NF/cancer-carrying ''cloned'' nude mice which are genetically identical, that of these NF/cancer patients turned out to vastly vary from one person to another unsurprisingly, not only depending on the huge difference in their symptom per se, but also that in their genetic background. For instance, to cure an early pancreatic cancer needs only 25 mg/kg of ''Bio 30'' daily for a year, to cure a terminal metastasized pancreatic cancer needs 200 mg/kg of ''Bio 30'' for a year. The great advantage in ''Bio 30'' is that even such a massive daily dose causes no side effect. Likewise, shrinking a few wart-like dermal NF1 tumors with 25 mg/kg daily needs only a few weeks, while shrinking either large plexi-form NF1 tumors or NF2-associated brain tumors with the same minimum daily dose needs 2-3 years.
Although we have not done any systematic clinical trials of GPE for NF patients, at least in two NF1 (dermal neurofi broma) cases, GPE (8 mg/kg, daily) was sufficient to shrink these skin tumors completely in a month or so, suggesting that GPE is also useful for NF patients. For the last decade, GPE has been used for human trials for a variety of PAK1-dependent cancers such as pancreatic, colon, gastric, breast, prostate, lung, liver, ovarian, cervical, and thyroid cancers as well as glioma, melanoma, and multiple myeloma (MM) which represent more than 70% of cancers, and in many cases, GPE has been proven to be effective in either stopping their growth or shrinking these solid cancers. Thus, I trust that GPE would be useful for both NF1 and NF2 patients as well. The only minor problem with GPE is that it costs several times as much as ''Bio 30'' which costs only a dollar daily, for a life-long treatment of NF. On the other hand, like any other CAPE-based propolis, ''Bio 30'' causes an allergic skin reaction only in 1% of population, while GPE causes no allergic reaction.
There are at least two distinct red propolis extracts (RPEs). One is Brazilian RPE, which contains the anti-cancer di-terpene and tri-terpene, and blocks the PAK1-dependent growth of human pancreatic cancer cells with the IC 50 around 10 μg/mL (13), strongly suggesting that these terpenes also block PAK1, and would be potentially useful for NF therapy in the future. However, it remained unavailable on the market until a US company called ''JuneBees'' recently started selling 30 mL bottles of RPE on-line (junebees.com). Like GPE, this Brazilian RPE is rather expensive, currently costing US$ 70 per bottle. The other RPE is a Chinese brand from Shandong province, and just like ''Bio 30'' contains CAPE and several other anti-cancer polyphenols (for detail, see Table 1 ). This Chinese RPE has the IC 50 (around 4 μg/mL), similar to that of ''Bio 30'', to inhibit the PAK1-dependent angiogenesis (23) , suggesting that the Chinese RPE might be useful for the treatment of NF.
GPE is generally provided in capsules, but ''Bio 30'' is currently provided as a water-miscible PG (propylene glycol) solution or tincture (75% ethanol solution). Thus, ''Bio 30'' tastes rather bitter, and when diluted with water, it tends to form a sticky precipitate. In an attempt to improve both the taste and absorption through the gastrointestinal membranes, Manuka Health in NZ and Cyclochem in Japan have jointly developed a new ''Bio 30'' product which is encapsulated in a natural ring oligo sugar called gamma cyclodextrin (CD). This water-soluble CD (see Figure 7) , enzymatically synthesized from starch, has a hydrophobic cavity inside of this nano particle, which is able to capture any hydrophobic small molecules such as those in propolis (24) . Since the ''bitter'' polyphenols are inside of CD, propolis extract would be no longer bitter, being suitable in particular for young children, and this CD complex, a mixture of ''Bio 30'' and CD (1:3 by dry weight), forms a stable and homogeneous emulsion which no longer precipitates. ''Bio 30'' in this complex could be more efficiently absorbed by intestinal membranes, because bile acids, stored in gallbladder and are secreted into intestine, then replace CD to form a nano micelle of ''Bio 30'' (24) . This CD complex of ''Bio 30'' is currently being tested for its therapeutic effi cacy on human cancer xenograft in mice, before the commercialization. However, it is possible to prepare a home-made CD complex, simply by mixing ''Bio 30'' (alcohol-free liquid) and 20% CD solution at the ratio of 1:5 by volume on a kitchen table of NF patients, and according to a preliminary human trial, the CD complex appears to be more effective than ''Bio 30'' alone to shrink at least dermal neurofibromas of a few NF1 patients.
The initial reason why we began to focus our research effort on the NZ propolis extract ''Bio 30'' was a 2002 poster by a University of Sydney group claiming that a NZ propolis shows the highest CAPE content (6-7% of dry extract) among propolis samples around the world. However, we realized that ''Bio 30'' contains only 12 mg of CAPE per g of dry extract (= 1.2% of extract), and have never found such a CAPErich sample in NZ propolis. A few propolis experts suspect that the 2002 report based on a rather low-tech TLC analysis of CAPE content might over-estimate the CAPE content, because often CAPE and a much more abundant polyphenol called pinobanskin 3-acetate overlap each other. Thus, in an attempt to create the ''legendary'' CAPE-rich propolis extract called "CAPE 60" (containing 60 mg of CAPE per g of extract), we added an extra CAPE (chemically synthesized) to ''Bio 30'', and compared the anti-cancer efficacy with ''Bio 30'' alone in vivo. As expected, ''CAPE 60'' is clearly more effective in suppressing both the growth and metastasis of MPNST in mice (16) , confirming that the higher CAPE content, the more effective the propolis extract. Recently, enzymatic synthesis of CAPE was developed and further improved by a group in Taiwan (25, 26) . A mixture of CA and phenethyl alcohol (PA) can be converted almost 100% to CAPE by the immobilized lipase B called ''Novozym 435'' (see Figure 8 ). Thus, in near future, it would be possible for us to create the ''CAPE 60'' simply by adding a "natural" (enzymatically synthesized) CAPE to ''Bio 30'' or any other propolis extracts to boost their therapeutic effect for NF patients. Interestingly, coffee beans are rich in CA, while PA is a major fragrance of roses.
Chinese (Sichuan) peppepr extract
Around an early 2005, we started exploring a natural anti-PAK1 source(s) available inexpensively on the market, which would be suitable for a life-long treatment of NF, before ''Bio 30'' became available on the market. One of them turned out to be an extract of Chinese (Sichuan) peppercorns, which has been used for thousand years in China as a seasoning for the preparation of a Sichuan cuisine called ''Mapo-Tofu'', a spicy bean curd dish. This reddish peppercorn is called ''Hua Jiao'' in Chinese or ''Kasho'' in Japanese, and related to a Japanese greenish peppercorn called ''Sansho'' which has been used as a seasoning for ''Kabayaki'', a grilled eel dish, and a traditional medicine for removing/killing intestinal parasitic nematodes.
We found that 70% ethanol extract of ''Hua Jiao'' contains an anti-cancer ingredient called ''Pepperin'' that selectively inactivates PAK1, without affecting another oncogenic kinase AKT (27) . This extract blocks the growth of MPNST cells with the IC 50 around 10 μg/mL, without affecting normal cell growth, and at the dose of around 100 mg/kg, twice a week, i.p., strongly suppresses the growth of NF1-deficient breast cancer xenograft in mice (27) , suggesting that this extract would be useful for NF treatment. However, for the oral administration, ethanol has to be removed from the extract, so that patients would not suffer from the alcoholism. We found that a warm water (around 45 o C) can replace 70% ethanol for the extraction of peppercorns. However, this water extract often tends to precipitate the anti-cancer ingredient ''Pepperin'' when the extract is cooled down to around room temperature. Furthermore, this extract is rather ''bitter'', although it is not ''spicy'' at all (the major pungent ingredient ''Sanshool'' is not water-soluble). Thus, just like the CAPE-based propolis extract, we are currently developing the CD complex of this extract called ''Kasui'' (water-extract of ''Hua Jiao'') by adding CD (20-30 g per 200 mL extract) to eliminate the bitter taste, and capture the ''Pepperin'' inside of CD molecule. According to an NF2 patient who prepared a home-made CD complex of ''Kasui'', this CD complex is no longer bitter, but apparently ''sweet''. This CD complex costs only around a dollar daily, and would be suitable for a life-long treatment of NF patients, without any side effect. For a few NF2 patients who carry the ''Bio 30''-resistant tumors, we recently started a human trial of this CD complex alone or in combination of CD complex of ''Bio 30'', in an attempt to overcome this ''Bio 30''-resistance.
Bitter melon from China or Okinawa
''Good medicines are bitter.'' That is an old saying that parents often use to encourage their young children to swallow a bitter medicine. Clearly good NF medicines such as propolis and ''Kasui'' are not its exceptions. In Okinawa, the southwest island of Japan, people used to live much longer than the rest of Japan, until their eating habit was gradually changed to the so-called American style. Besides Okinawa people are slimmer, less diabetic and more resistant to the summer heat. In an attempt to fi nd the secret recipe of the Okinawa people's longevity and better health, back to 1983, Doroles Takemoto's group at Kansas State University examined the anticancer effect of a water-extract from an Okinawa's bitter melon called ''Goya''. They found that this bitter extract suppresses the development of a chemical induced cancer in mice (28) . However, the molecular mechanism underlying this anti-cancer property remained unknown. 25 years later, in 2008, a Chinese group in Beijing and Australian group in Sydney jointly found that a similar Chinese bitter melon extract suppresses the diabetes in mice, lowering the blood sugar level, and identifi ed the anti-diabetic tri-terpene in this extract (29) . Interestingly, this tri-terpene activates the tumor suppressing kinase AMPK, suggesting that this tri-terpene is responsible for suppressing both the insulin-resistant diabetes (type 2) and tumor development. As discussed in detail later, AMPK activates a glucose transport protein called GLUT-4 which is essential for cellular uptake of glucose from blood stream (30) . Furthermore, another tumor suppressing kinase called ''LKB1'' activates AMPK, and inactivates PAK1, directly (31) . Thus, it is most likely that this tri-terpene blocks PAK1 as well as activates AMPK. For more than a dozen anti-PAK1 compounds such as CAPE and curcumin almost invariably activate AMPK (32, 33) . In other words, the ''bitter'' melon extract from Okinawa or China would be a potentially good NF therapeutic, although nobody knows as yet how much we should take daily this bitter extract for NF/cancer therapy.
Curcumin (Turmeric)
As shown in Figure 4 , CAPE in propolis and curcumin, the spicy yellow ingredient in Indian curry (Turmeric powder) are structurally very similar, and as expected, both polyphenols were found to block PAK1 and activate AMPK (6, (32) (33) (34) . Like CAPE, curcumin suppresses the growth of many PAK1-dependent cancer cells in vitro, but either CAPE or curcumin alone has never been used clinically, mainly because of their poor bioavailability (water-insolubility). However, around 2005, Razella Kurzrock's group at MD Anderson Cancer Center solubilized curcumin by encapsulating curcumin in liposomes, and successfully started demonstrating its high efficacy in suppressing the PAK1-dependent growth of human colon and pancreatic cancer xenografts in mice: Curcumin in liposomes (20-40 mg/kg) suppresses the growth of these cancers by 50% (35, 36) . Furthermore, in 2009 an Indian group led by Sarasija Suresh at Nootan Dental College in Bangalore found that a chemically synthesized beta-dextrin derivative called hydroxypropyl-beta-CD would be the best among CDs to solubilize curcumin effectively and showed both its antiangiogenic and anti-inflammatory effects in vivo (37) . Thus, in the future (probably in a decade or so) curcumin in either liposomes or CDs would become available on the market for the therapy of these cancers and NF tumors as well.
Berberine
An old Chinese or American Indian herb called ''Goldenseal'' (or ''Yellow Root'') contains an anti-cancer and anti-inflammatory yellow-colored bitter-tasting alkaloid called Berberine. Unlike the majority of anticancer products, Berberine is relatively water-soluble, and its tannic acid salt (Berberine Tannate) is tasteless and used clinically world-wide as an antibiotic for the therapy of infectious diseases such as malaria. In 1990, an NCI group found that Berberine (0.1 mg/mL) induces a morphological differentiation of RAS-transformed teratocarcinoma cells in vitro (38) . However, the molecular mechanism underlying its anti-cancer action remained unknown until recently. In 2006 a French group of GlaxoSmith Kline (GSK) found that Berberine (100 mg/kg, daily) blocks both the synthesis and accumulation of fats such as cholesterol in mice by activating the tumor suppressive kinase AMPK (39) . In 2009 a Chinese group at Hong Kong University found that Berberine inactivates both RAC and CDC42, thereby inactivating PAK1 (40) . Thus, like propolis and other anti-PAK1 products, this alkaloid would be useful for the treatment of PAK1-dependent cancers, NF and infl ammatory diseases such as arthritis and asthma as well as type 2 diabetes and obesity. However, its minimum effective daily dose for cancer/NF patients still remains to be determined.
Anti-PAK1 drugs
The ring peptide FK228
Around 1993, the most potent anti-cancer antibiotic was developed by a Japanese group of Fujisawa Pharmaceuticals (later renamed ''Astellas''). This antibiotic is a unique ring peptide called FK228 which suppresses the growth of RAS cancers such as pancreatic and colon cancer cells with the IC 50 around 1 nM (41). Since these solid cancers require PAK1 for their growth, it has been suspected that FK228 might block the oncogenic PAK1 signaling somehow. In 1998, the direct target of this compound was identified by Minoru Yoshima at Tokyo University and the Fujisawa group jointly. FK228 inhibits histone deacetylase (HDAC) whose zinc metal in the catalytic center is covalently bound to FK228, only when FK228 is reduced by the intracellular glutathione (GSH) which breaks the di-sulfide bond of FK228 molecule (42) . In other words, FK228 is a prodrug which is activated by GSH. Once histones on chromatin are acetylated, owing FK228, a specifi c group of genes would be activated. One of them is p21/WAF1 gene encoding an inhibitor of cyclin-dependent kinases (CDKs). How does FK228 block the oncogenic RAS signaling by activating this gene? Well, RAS activates cyclin D1, an activator of CDKs, through PI3-kinase and PAK1, shifting cell cycle from G1 to S phase. In other words, FK228 blocks the oncogenic RAS-PAK1 signaling by activating p21 gene which produces the antagonist of RAS-activated cyclin D1. This also means that FK228 blocks downstream of PAK1. However, we suspected another mechanism must be involved in the anti-RAS action of FK228, because we found that FK228 suppresses completely the growth of both NF1-deficient (MPNST) and NF2-deficient cancer cells even at 100 pM (43) . In the case of breast cancer cells, the IC 50 of FK228 is around 5 pM. Around 2005, we found that FK228 inactivates PAK1 with IC 50 below 1 nM (44), indicating that FK228 blocks both upstream and downstream of PAK1. Having been encouraged with these fi ndings, we examined whether FK228 suppresses the growth of human MPNST xenograft in mice. Yes, it shrank MPNST completely at the dose of 2.5 mg/kg, twice a week, i.p., for two months (43) . Unfortunately, however, FK228 turned out not to pass the blood brain barrier (BBB), so that it would not be effective on brain tumors associated with NF1 or NF2. Nevertheless, in principle, it would be effective in suppressing MPNST, plexi-form and dermal neurofibromas of NF1 patients, when this drug becomes available some days in the future. Currently, a US company called ''Celgene'' is taking the full responsibility for the on-going clinical trials (phase 2) of this compound mainly for CTCL (cutaneous T-cell lymphoma), a rare cancer which represents less than 0.1% of all cancers.
UnPAK309 (PF3758309)
In 2010, Brion Murray's team at Pfi zer Oncology in San Diego developed a new compound called PF3758309 (in short UnPAK 309) that selectively inhibits PAK family kinases including PAK1 with the IC 50 between 5-15 nM in cells (45) . In vivo (cancer xenografts in nude mice), this compound suppresses the growth of several PAK1-depepndent human cancers such as breast, colon and lung cancers as well as melanoma at daily doses around 20 mg/kg. Since its derivatives pass the BBB, it is likely that UnPAK309 could be potentially useful for the treatment of brain tumors such as glioma, and tuberous sclerosis (NF/TSC) tumors in the future. However, as UnPAK309 clinical trials have just started, in realty it would take several years until this potent PAK inhibitor becomes available on the market for cancer/NF patients.
Another thing worth being pointed out here would be that unlike CAPE and other anti-PAK1 compounds, UnPAK309 directly inhibits AMPK (the IC 50 in cells around 40 nM) as well, instead of activating AMPK (45) . Thus, this drug would be the fi rst clear exception for the rule that all anti-PAK1 drugs are AMPK activators.
Combination of two Tyr-kinase inhibitors, PP1 and AG 879/GL-2003
For the following two reasons, we have recently developed our own anti-PAK1 drugs which pass the BBB. FK228 tends to develop the multi-drug resistance (MDR) by activating MDR genes at least in pancreatic and breast cancers. As mentioned earlier, FK228 fails to pass the BBB. Our best choice was the combination of two distinct Tyr-kinase inhibitors, PP1 and GL-2003 (a water soluble hexylamine derivative of AG 879). This combination blocks two distinct Tyr-kinases, namely SRC family kinases and ETK, essential for the full activation of PAK1 (46, 47) . At dose (20 mg/kg, twice a week, i.p.) of each drug, the growth of both FK228-resistant human pancreatic and breast cancer xenografts in mice was almost completely suppressed without any adverse effect (48) . Since the target kinases of these two drugs are clearly distinct, the chance for cancers to develop the MDR to both drugs would be mathematically null. Furthermore, recently a watersoluble (hexylamine) derivative of PP1 called GL-2010 has also been developed by my former colleagues at WEHI, and a clinical trial of this new combination (GL-2003 and GL-2010) is expected to start in a nottoo-distant future.
Ivermectin
In 2004 a Russian group in Moscow reported that an old, safe and inexpensive antibiotic called ''Ivermectin'' has an anti-cancer property in vivo (human cancer xenografts in mice): Ivermectin (3-5 mg/kg, daily) almost completely suppresses the growth of a few distinct human cancers such as melanoma (49) . However, its anti-cancer mechanism at molecular levels remained entirely unknown. This antibiotic was developed during 1980s jointly by Merck in US and Kitasato Institute in Tokyo as an anti-parasitic drug that kills selectively intestinal nematodes by blocking GABA receptor, but not mammalian counterparts (50) . A very low dose such as 0.2 mg/kg (taken orally once or twice) is suffi cient to eliminate these parasites completely. Since the anti-cancer action works on mammalian cancer cells, it is obvious that its target is not mammalian GABA receptor. Then one day I noticed that this drug has been known for some years to reduce dramatically (by around 90%) the litter size (the number of eggs laid) of C. elegans, a nonpathogenic tiny nematode living in nature (woods). This effect happened to be the precisely same as what CAPE or ARC does on the same worm, as discussed later in detail. So I was prompted to examine whether Ivermectin blocks the oncogenic PAK1 signaling or not. Besides it has been known that melanomas require PAK1 for their growth, as the anti-PAK drug FK228 blocks the growth of melanoma. In collaboration with Tamotsu Sudo's group at Hyogo Cancer Center in Japan, we have confirmed that Ivermectin indeed inactivates PAK1, and blocks the PAK1-dependent growth of both human ovarian cancer and NF2 tumor (Schwannoma) cells with the IC 50 around 5 μM (51,52). Thus, this inexpensive old drug could be used as an alternative if cancer/NF patients happen to be among 1% of population who show an allergic skin reaction to the CAPE-based propolis such as ''Bio 30'', or resistant to any propolis.
PAK1 blockers = AMPK activators
As briefl y mentioned before, more than a dozen of anti-PAK1 compounds such as CAPE, curcumin, apigenin, berberine, resveratrol, emodin, salidroside, capsaicin/ capsiate, OSU-03012, GW2974, metformin, etc. are known to activate the tumor suppressing kinase AMPK (see Table 2 ). AMPK is an AMP-activated kinase that is activated when the AMP/ATP ratio increases. This ratio rises when the cellular glucose/ATP level drops, due to either calorie restriction (CR), fast or extensive physical exercise. Thus, AMPK serves as a sensor of the cellular glucose/ATP level, and is activated in an AMPK-dependent manner. In most cases, these PAK1 blockers activate AMPK through another tumor suppressing kinase called LKB1 which phosphorylates Thr 172 of AMPK (31) . AMPK phosphorylates several distinct proteins. As mentioned before, one of them is the glucose transporter protein ''GLUT-4'', which is essential for the cellular uptake of glucose from blood stream. AMPK activates GLUT-4, leading to a transient rise of the cellular glucose level by lowering the blood glucose level. Another target of AMPK is the tumor suppressing transcription factor ''FOXO'' which is essential for the longevity (53) . In mammals, AMPK activates FOXO, while PAK1 inactivates FOXO (54, 55) . Thus, most of PAK1 blockers such as CAPE and curcumin activate FOXO through these two distinct routes in a concerted manner. At least two PAK1 blockers = AMPK activators, salidroside and curcumin, were shown to extend the life span of C. elegans and the fruit fl y Drosophila, respectively (56, 57 Table 2 . Anti-PAK1 and AMPK activating activity of anti-PAK1 products worm by 50% (58) . We found that PAK1 blockers from propolis, CAPE and ARC, strongly activate HSP16 gene in C. elegans shortly after the heat shock, and make this worm heat resistant as does the PAK1-deficient mutation (6) . For heat shock proteins in general protect the essential cellular proteins from their denaturation caused by heat (59) . Thus, it is most likely that both CAPE-based propolis and ARC-based propolis extracts would extend the life span of this worm, and probably all human beings including cancer/NF patients as well, by activating this longevity (FOXO-HSP16) signaling pathway. The higher this signaling, the longer we live.
Why do most of PAK1 blockers turn out to be AMPK activators, or vice versa? One of the mechanisms underlying this ''mysterious'' formula/ equation, PAK1 blockers = AMPK activators, is that LKB1 inactivates PAK1 by phosphorylating Thr 109, as well as activating AMPK simultaneously (31) (see Figure 9) . A second mechanism is based on the vicious oncogenic cycle that PAK1 and the Tyr-kinase ErbB2 form: PAK1 activates another Tyr-kinase called ErbB1 by up-regulating its ligands such as TGFα, which activate ErbB1, and in turn ErbB1 activates ErbB2 by forming a hetero-dimer (46, 60) . Both ErbB1 and ErbB2 are essential for the full activation of PAK1 (46) . Furthermore, ErbB2 somehow inactivates AMPK (61) . Thus, if either PAK1 or ErbB2 is blocked, this oncogenic cycle would stop, and AMPK would be reactivated (Figure 10 ).
A ''fl uorescent'' in vivo screening for NF therapeutics
Generally speaking, to get the FDA-approval for clinical trials of a given anti-cancer/NF drug under the development, one has to prove its therapeutic effect as well as its safety (non-toxicity) in vivo, using a human cancer (or NF1/NF2 tumor) grafted in mice or rats. However, it would cost both time and money to screen for the most effective and safe drug(s) from a huge library of thousands test samples. Here I shall introduce a quick and inexpensive in vivo screening system, using a tiny transparent nematode (C. elegans) strain called CL2070 which carries the transgenic fusion gene ''HSP16-GFP'' (62) , in order to screen for a series of PAK1 blockers = AMPK activators which would be useful for NF therapy.
This fusion gene would mass-produce the S65T mutant of green fl uorescent protein (GFP) from a jelly fish when the promoter of C. elegans HSP16 gene is activated by the heat shock treatment (at 35ºC for 2 h) (62, 63) . However, the expression of GFP takes place rather slowly, and reaches the maximum during 12-24 h after the heat shock, in the absence of a PAK1 blocker = AMPK activator, because normally PAK1 suppresses the HSP16 gene by inactivating the ''FOXO'' in this worm as in mammals (6, 55) . When this worm is treated with PAK1 blockers such as CAPE, ARC and Ivermectin overnight, the expression of GFP reaches the maximum in a few hours after the heat shock, and the whole transparent worm glows greenly under the blue light (6) . Of course these PAK1 blockers cause no side (adverse) effect. Instead they make this worm much more heat-tolerant by over-production of heat shock proteins such as HSP16 (6) . Furthermore, these PAK1 blockers reduce the litter size (the number of eggs laid) of this worm by 85-90%, although all eggs are hatchable (6) . These phenotypes are precisely the same as those of the PAK1-deficient mutant (RB689) of this worm (6) . Since the more HSP16 is activated, the longer this worm lives (63) , it is most likely that like salidroside and curcumin (56, 57) , all these PAK1 blockers would extend significantly the life span of this worm. Furthermore, as described earlier, CA is a precursor of CAPE, and blocks PAK1 by downregulating its activator RAC (14) . During 2010-2011 a German group at Humboldt University in Berlin found that CA and its covalently-linked dimer called Rosmarinic acid (RA) signifi cantly extend the life span of this worm through ''FOXO'', and activate heat shock genes such as HSP12, inducing the heat-tolerance (64) . Since RA is a CAPE derivative (3,4-dihydroxyl, 8-carboxyl) as well as CA dimer, it is most likely that CAPE and many other PAK1 blockers would execute such a life-prolonging (so-called 'elixir') effect.
Interestingly, more than two decades ago, Tom Johnson's group at University of Colorado showed that dysfunction of PI3-kinase/Age-1 in this worm lengthens the life span by 100% and reduces significantly the litter size (65) . Furthermore, dysfunction of AKT is also known to lengthen the life span of this worm, but just by 50% (66) . Since both AKT and PAK1 are downstream of PI3-kinase, inactivating ''FOXO'', it is most likely that dysfunction of PAK1 would contribute to the remaining 50% extension of life span. As described earlier, the ''FOXO-HSP16'' signaling pathway indeed extends the life span of this worm by 50% (58) . However, we have not confirmed directly this notion as yet, because unlike the HSP16-GFP/litter size/thermal endurance tests which take only a few days, the longevity test would take 15-30 days, and is technically far more laborious. Of course, if one tries to compare the life span between the PAK1-deficient healthy mice (67) and the control, the test would take 3-6 years, clearly more than 50 times longer than this worm (RB689 mutant versus the control).
In my opinion, the above ''fluorescent'' GFP assay would be the best approach to the systematic screen for PAK1 blockers (AMPK activators), as this system could be automated by linking a number of 96-well plates containing CL2070 treated with a variety of test compounds to a fl uorescence reader for the quantitative analysis. The more fluorescence, the stronger anticancer property. Once a few ''best'' (the most potent) candidates are selected out through this system to make a short list of cancer/NF therapeutics, their anti-cancer/ NF property should be re-confirmed by means of the ''conventional'' xenograft in nude mice, to convince the FDA or cancer/NF patients for their fi nal approval.
PAK1-dependent non-cancerous diseases
So far at least 70% of all human cancers, in particular solid tumors, have been identified as PAK1-dependent tumors: Among them are pancreatic, colon, breast, prostate, gastric, lung, cervical, ovarian, and thyroid cancers as well as glioma, melanoma, hepatoma, NF2-defi cient mesothelioma, MM and MPNST, a malignant NF1 tumor. In addition, the remaining 90% of NF1 tumors, NF2 tumors (meningioma and schwannoma) and TSC tumors also require PAK1 for their growth. TSC is caused by dysfunction of the tumor suppressors TSC1 or TSC2, which leads to the abnormal activation of the oncogenic kinase ''TOR'' (68) . Although the ''TOR'' could be blocked by Rapamycin and its derivatives such as ''Afinitor'' (68-71), they are extremely expensive and cause at least a few rather serious side effects such as immuno-suppression and hypertension. Thus, these TOR inhibitors would not be so suitable for a life-long treatment of TSC. However, since TOR requires PAK1 for the full activation, as curcumin blocks the oncogenic TOR-Raptor interaction (72) , PAK1 blockers such as propolis could be used for the TSC therapy. In fact, the CAPE-based propolis ''Bio 30'' stops even the drugresistant epilepsy often associated with TSC children in our human trials.
In addition, there are several other non-cancerous diseases which also require PAK1 (67, 68, (73) (74) (75) (76) (77) (78) (79) (80) (81) : Among them are AIDS (HIV-infection), malaria, Alzheimer's (AD), Huntington's (HD), infl ammatory diseases (asthma and arthritis), insulin-resistant diabetes (type 2), obesity, hypertension, seizures such as epilepsy, autistic diseases such as Fragile X syndrome, and learning defi cit (LD). Thus, propolis and other PAK1 blockers would serve as the effective (and safe) therapeutics for these diseases as well. So it would not be a big surprise if these anti-PAK1 products such as propolis and the ''bitter'' melons extend our life span in good health by either curing or delaying some of these PAK1-dependent diseases including cancers and NF throughout our entire life.
